The papers provides quantitative and qualitative description of three dimensional (3D) printing research based on global publications output (7309 publications) in the field as indexed in Scopus database covering the 10-year period 2007-2016. 3D printing research registered 54.61 per cent growth per annum and averaged 10.59 citations per papers in 10 years, and bulk of global output (93.79 %) in the field emanates from just top 16 countries. The papers further provides an insight into qualitative performance of 3D printing research in terms of relative citation index, citations per papers, highly cited papers, top 25 global organisations and authors in the field, most favoured subjects in the field, and most favoured materials, technologies, and applications used in the field. The study concludes that 3D printing is the next revolution in industrial manufacturing led by USA and China. Asian and Pacific countries should take initiatives to support 3D printing research through appropriate policy and funding mechanisms as well as encourage research teams to collaborate with leading international hubs in 3D printing research.
InTrODucTIOn
Three dimensional (3D) printing is about building 3D objects of virtually any shape from a digital model or file by successively creating layers of material on top of each other. 3D printing is also known as rapid prototyping or additive manufacturing. 3D printing is a disruptive technology that has transformed prototype manufacturing in a major way, offering the industry new and inexpensive avenues to convert 3D CAD design to a real life functional objects, and creating complex three dimensional shapes in a smart and cost effective way. 3D printing technologies replaces traditional machine tool based subtractive processes such as molding, casting, and cutting, used earlier in creating prototypes. 3D printing finds applications across various industries such as architecture, construction, industrial design, automotive, aerospace, military, engineering, civil engineering, dental and medical industries, biotech (human tissue replacement), fashion, footwear, jewelry, eyewear, education, geographical information systems, food and many other fields 1 . 3D printing offers compelling business opportunities for companies to grow. Innovative designing, high adaptability levels, less time to market, the ability to manufacture parts without expensive tooling, and reduced turnaround time for making a prototype are some of the factors that are driving industry for early adoption of 3D printing. Instead of outsourcing prototyping process, which in the past used to result in additional costs and increased turnaround time, original equipment manufacturers can now print a prototype overnight and at one fourth of the cost using 3D printing. Polymers are the most preferred 3D print materials because of their flexibility and strength. Metals are expected to be adopted as 3D print material in the future, as components that need to withstand high temperature and pressure can be manufactured using 3D printers with metals as print material. However, 3D printers cannot be used for mass manufacturing, owing to the size constraint. A 3D printer will not be able to print more than one object at a time 2 . The 3D printing market is segmented on the basis of technology, material, application, and region. The 3D printing technology segment includes technologies such as stereolithography (SLA), laser sintering, electron beam melting (EBM), fused disposition modelling (FDM), laminated object manufacturing (LOM), three dimensional inkjet printing (3IDP), and other technologies. The material segment includes materials such as polymers, metals/alloys, and others (glass, ceramics, wood, and composites). The application segment includes prototyping and tooling, R&D and innovation, manufacturing complex components, and others (customisation, personalisation, and aftermarket) 2 .
Literature review
Very few quantitative studies are so far available in the literature on bibliometric/scientometric analysis of 3D printing research covering publications and patents. 
ObjecTIveS
The main aim of this study is to describe the qualitative and qualitative performance of 3D printing research based on publications as indexed in Scopus database during 2007-16. The study in particular, focuses on objectives such as -publication analysis in terms of annual global output, annual and absolute growth, citation analysis in terms of citation impact of research output, analysis in terms of global share of top 16 most productive countries, their citations share, citation impact, analysis in terms of distribution of publication output by broad sub-fields, distribution by materials used, technologies used, and applications, analysis in terms of productivity and citation impact of top 25 most productive organisations and authors, analysis in terms of media of research communications, and characteristic bibliographic features of top 114 highly cited papers.
MeThODOLOGy
The data for the present study in 3D printing research was retrieved and downloaded from the Scopus database (http://www.scopus.com) covering 10 year period 2007-16. Keywords for search included such as "3D printing'' and "Three Dimensional Printing''. These keywords were suffixed to "keyword tag", "source title tag", and the search output refined by period '2007-16' using "date range tag". This main search strategy was further refined by country to identify top 16 most productive countries in 3D printing research. The global search output was distributed by subject, collaborating countries, author-wise, organisation-wise and journal-wise, etc. by using analytical provisions of Scopus database such as "subject area tag", "country tag", "source title tag", "journal title name" and "affiliation tag". For citation data, citations to publications were counted from date of their publication till 11 February 2018. Separate search strategies were formulated to get data on 3D technologies, materials used and applications in different fields. The study analysed the publications data across a series of raw and relative bibliometric indicators with a view to understand the dynamics of 3D printing research. A complete counting method, wherein every contributing author or organisation covered in multiple authorship papers was fully counted was used. All authors or organisations to multiauthored papers have received equal credit in data counting and analysis. The data for the study was derived on 11-12 February 2018. Table 1 .
Of the total publications, 54.28 per cent appeared as articles, 33.90 per cent as conference papers, 4.88 per cent as reviews, 1.93 per cent as notes, 1.74 per cent as book chapters, 1.12 per cent as short notes and others as editorials (72), letters (41), articles in press (20), book (14) and erratum (10) as shown in Table 1 .
Top 16 Most Productive countries in 3D
Printing 3D printing research has been found to have spread to as many as 90 countries, of which 43 countries published 1-10 papers, 23 country 11-50 papers, 8 country 51-100 papers, 13 country 101-500 papers and 3 country 501-2200 papers. However bulk of research output (93.79 %) in the field still comes from just 16 most productive countries. The USA leads the ranking with 32.03 per cent global publications share, followed distantly by China (13.85 % share). All others are single digit growth countries including UK and Germany (7.94 % and 7.51 %), Japan and South Korea (4.79 % and 4.49 %), Canada (3.32 %), Australia, Singapore, Italy, France and Taiwan (from 2.27 % to 2.90 %) during 2007-16 as shown in Table 2 . Except for China and Taiwan, the remaining top 14 country scored relative citation index above average. Compared to the world average impact of 10.59 citations per papers, these top 16 countries averaged their citation impact 13.1 citations per papers, demonstrating thereby that these top 16 countries play major role in making quantitative and qualitative contributions to 3D printing research. Further, these top 16 countries publish 18 per cent to 48 per cent share of their country output as international collaborative papers.
Subject-Wise Distribution of research Output
Engineering is the most favoured subject in 3D printing research (with 53.76 % publications share), followed distantly by materials science (29.44 %), computer science (22.44 %), medicine (19.17 %), physics and astronomy (15.64 %), biochemistry, genetics and molecular biology (11.15 %), chemical engineering (9.67 %), etc. during the period as shown in Fig. 1 and Table 3 .
These 14 Table 3 .
Distribution of Publications by Applications
Type, Technology Type and Material used Medical application is the most favoured topic in 3D printing research accounting for the highest number of publications (1401), followed by mechanical (1175) Fused deposition modeling is the most used technology in (9), multi-photon lithography and robo-casting (7 each), electrophoretic deposition(6), etc. 'Plastic as a material' is the most used material in 3D printing research accounting for highest number of 575 publications, followed by ceramic (281), titanium (218), thermoplastic (176), aluminum (167), steel (141), photo-polymers (140), (134), silver (133), elastomers (129), polyethylene (118), stainless steel (76), epoxy (63), carbon fiber (49), nickel (46) Table 4 .
Top 25 Most Productive Global Organisations
Twelve organisations registered their international collaborative publications share (ICP) above the group average Table 6 .
Medium of research communication

highly cited Papers
Of the total world output in 3D printing research ( Of the 114 highly cited papers, 36 resulted from contribution by single organisations per papers (non-collaborative papers) and 78 from two or more organisations per papers (42 national collaborative and 36 international collaborative papers).
Among highly cited papers, USA collaborated in the largest number of papers (67 papers), followed by Germany (11 papers), South Korea (10 papers), Australia and Netherland (9 papers each), Singapore and UK (7 papers each), Japan (6 papers), China (5 papers), Canada (4 papers), Belgium, France, India, Italy and Switzerland (3 papers each), Brazil, Finland and Israel (2 papers each), etc. 
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. cOncLuSIOn Conclusively, 3D printing is the next revolution in industrial manufacturing led by USA and China. USA, China, UK, Germany, and Japan which dominate the field with two-third of the world output, 66.12 per cent global publications share. The remaining top 11 countries account for less than one-third, 27.88 per cent global publications share. Interestingly, countries like Netherland, USA, Singapore, Australia and South Korea dominate 3D printing research more in qualitative terms compared to the rest of the world. In order that Asian and Pacific countries including South Korea, Australia, Singapore, Taiwan and India are able to become more competitive and perform better in future, stakeholders across such nations should support 3D printing research through appropriate policy and funding mechanisms as well as encourage research teams to collaborate with leading international hubs in 3D printing research. India in particular should take initiative to come up with a national action plan for advancement of 3D printing in the country. At present its global publications share is just 1.61 per cent. 
